Despite being heritable and under selection, traits often do not appear to evolve as predicted by evolutionary theory. Indeed, conclusive evidence for contemporary adaptive evolution remains elusive in wild vertebrate populations, and stasis seems to be the norm. This so-called stasis paradox highlights our inability when it comes to predicting evolutionary change. This is especially concerning in the context of rapid anthropogenic environmental changes, and its underlying causes are therefore hotly debated. Applying a quantitative genetic framework to data from the long-term monitoring of a wild rodent population, we here show that stasis is an illusion. Indeed, the population has evolved to become lighter, and this genetic change is an adaptive response related to climate. Importantly however, both this evolutionary change and the selective pressures driving it are not apparent on the phenotypic level. We thereby demonstrate that natural populations can show a rapid and adaptive evolutionary response in response to novel selective pressures, but that these may easily go undetected and may not match phenotypic estimates of selection. Hence, evolutionary stasis is likely to be less common than it appears.
. However, after correcting for demographic structure (i.e. sex 42 and age, see Fig. S1 ), over the past nine years (approximately eight generations), the 43 change in mean body mass is not significant and small at best (0.08 g/y; 95%CI
44
[-0.02;0.18]; p=0.14). This mismatch between the predicted evolutionary change based 45 on the breeder's equation and the change observed provides yet another example of the 46 stasis paradox [2] .
47
In an attempt to resolve this paradox, several explanations have been put forward.
48
For example, it has been suggested that the predicted positive genetic trend, i.e. an 49 increase in breeding values, is being masked by an opposing phenotypically plastic 50 response [2, 19] . We therefore directly estimated the additive genetic covariance between 51 mass and fitness, which, based on the Robertson-Price's equation, provides an unbiased 52 estimate of the rate of genetic change per generation [11, 20, 21] . The estimate of genetic 53 change in mass is strongly negative and highly significant (p MCMC < 0.001; Fig As the phenotypic selection differential (σ P (m,ω) ) is equal to the sum of the additive 66 genetic and environmental covariances between mass and rLRS (σ A(m,ω) and σ E(m,ω) , 67 respectively) [11, 20, 21] , it follows that because σ P (m,ω) is positive and σ A(m,ω) is 68 negative, the environmental covariance must be large and positive (Fig 2B LRS) why is evolution taking place in a direction that is opposite to phenotypic selection?
78
The genetic change of mass opposite to direct selection may be the result of indirect 79 selection acting through one or more traits with negative genetic correlations with mass 80 (Fig. 3) with the number of days between birth and the first snowfall of that year
139
(p MCMC =0.008). This implies that individuals born closer to the first snowfall are more 140 strongly selected for a small adult mass, and that the length of the snow-free period in a 141
given year determines the total selection experienced by the population in that year. The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/038604 doi: bioRxiv preprint first posted online Feb. 2, 2016; commonplace, these may be attributable to overly simplistic predictions of evolutionary 158 change based on estimates of phenotypic selection that fail to account for 1) a 159 disproportional environmental covariance between trait and fitness, and 2) non-random 160 missing data whenever viability selection acts during ontogeny. Therefore, the 161 quantification, and most importantly, the prediction of evolution in the wild requires 162 the direct estimation of more complex patterns of inheritance, genetic correlations and 163 selective pressures. Traits. The recapture probability from one trapping session to the next was 211 estimated to be 0.924 (SE 0.012) for adults and 0.814 (SE 0.030) for juveniles using 212 mark-recapture models. Thus, with three trapping session a year, the probability not to 213 trap an individual present in a given year is below 10 −3 . Not surprisingly, no animal
214
was captured in year y, not captured in y + 1, but captured or found to be a parent of a 215
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. The latter is required as the mean LRS differs between males and females due to 234 imperfect sampling [11] . In addition, we used cohort-specific means in order to account 235 for variations in population size. Selection. Selection differentials were estimated using bivariate linear mixed models, 243 as the individual-level covariance between fitness and mass (corrected for sex, age and 244 cohort). However, while this provides the best estimate of the change in trait mean due 245 to selection [22] , because the distribution of fitness is not Gaussian, it cannot be used to 246
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. CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/038604 doi: bioRxiv preprint first posted online Feb. 2, 2016; estimate confidence intervals. Hence, the statistical significance of selection was tested 247 using a univariate over-dispersed Poisson generalized linear mixed model (GLMM) in 248 which LRS was modelled as a function of individual standardized mass (corrected for 249 sex, age and cohort). Note that the latter estimates the effect of mass on a transformed 250 scale, and therefore cannot be directly used to quantify an effect of selection on the 251 original scale measured in grams [37] . The significance drawn on the basis of the 252 GLMM was confirmed by non-parametric bootstrapping.
253
Similarly, we tested for the significance of selection through ARS only, using an rates of genetic change [14] . All estimates provided in the text are posterior modes and 264 credibility intervals are highest probability density intervals at the level 95%. All the 265 animal models were run for 1,300,000 iterations with a burnin of 300,000 and a thinning 266 of 1,000, so that the autocorrelations of each parameter chain was less than 0.1.
267
Convergence was checked graphically and by running each model twice.
268
Univariate models:
We first carried out univariate model selection, fitting models 269 without an additive genetic effect, to determine which fixed and random effects to age, as a factor (juvenile or adult); sex as a factor; the interaction between age and sex; 273
Julian dates and squared Julian dates, which were centered and divided by their 274 standard errors in order to facilitate convergence; the interaction between age and
For any trait z, σ A (z, ω) is the genetic differential, that is, the rate of evolutionary 298 change according to Price equation [11] . For mass, the genetic differential was also 299 estimated using a bivariate animal model, of mass and fitness, in order to confirm the 300 value of this crucial parameter. For two traits z and y, the genetic correlation is
The vector of selection differentials on the three traits (S) was estimated as 302 the sum of the vectors of covariances between traits and ω in the variance-covariance 303 matrices for a, p and r; which was equivalent to the selection differential computed in 304 the paragraph on selection above. Let G be a subset of G excluding the column and (∆DIC > 80) over Gompertz and logistic models, as defined in [50] . The model 330 accounted for measurement error in mass, assuming that the standard deviation of the 331 errors was that observed in animals measured multiple time on the same day (2.05g).
332
Within the model we performed a logistic regression of year-to-year survival on sex and 333 asymptotic mass, in order to estimate the overall viability selection on asymptotic mass. 334 We ran the full model again, adding time until the first snow fall and its interaction 335 with asymptotic mass in the logistic regression, in order to test for the effect of the 336 length of snow free period on the selection on asymptotic mass. We use the estimates of 337 these two models to predict the survival probability as a function of asymptotic mass for 338 every year, or for groups of years, depending on the distribution of birth dates and on 339 the timing of the first snow fall. Three MCMC chains were run for 6,300,000 iterations, 340 with a burnin of 300,000 and a thinning of 6,000. Convergence was assessed by visual 
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